TITLE OF THE INVENTION 
Vehicle Bumper Structure 



CROSS-REFERENCE TO RELATED APPLICATION 
This application claims, under 35 USC 119, 
priorities of Japanese Patent Applications No. 2003-057707, 
filed March 4, 2003 and No. 2003-120578, filed April 24, 
2003, disclosures of which, inclusive of the 
specifications, claims and drawings, are hereby 
incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

This invention relates to a bumper for attachment to 
a front of a vehicle such as an automobile. 



Description of Prior Art: 

A front bumper of an automobile generally serves to 
prevent damag^of the autogiobile body^L /u Lime -of 
CdY^^^t the, automobile^^raveling at a speed of 10 
km/hour or le^^wfth an object such as another automobile 
or a wall. 

Shown in FIG. 14 is one example of such a bumper 
structure which includes a tubular bumper beam 22, an 
energy absorbing foam material 23 overlying a front wall 
of the bumper beam 22, and a bumper fascia 21 overlying 
the foam material 23, The foam material 23 i. designed to 
absorbXcollisi°^ ^^^^^^ '^^'^ ^° restore to ^ original 
shape even when subjected to repeated collision impact^^- 
Therefore, the maximum strain of the foam material is 
designed such that the foam material can maintain its 
restoration force even when subjected to a large collision 
impact. TO this end, the foam material 23 is required to 
have a large thickness in the front to rear direction and 
a relatively high hardness. 
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likely to be seriously injured by 'coIl^i -& i f^n automobile 
having such a bumper. Recently, there is an increasing 
demand for a vehicle bumper structure which can protect a 
pedestrian - .Ki^^*$):>.cH^ng^^^S^^ an automobile. 

Thus, the energy absorbing foam material is required to be 
made of a relatively soft material having a low 
compression modulus, so. that the leg impact can be reduced 
and serious knee injury can be avoided. w- -,r^ 

However, sij.ce the ^^^'^cars are designed^o 
^ai.^ energy ^^^^"crease/J&^Coccupaa3e^ space 
an^/o^^ci^'lppearance, the bumper is required to be compact 

and light in weight. 

At present, no bumper structures on the market can 
satisfy simultaneously the requirements of (1) prevention 
of damage/>iP the vehicle, (2) protection of pedestrians 
and (3)Vcompact and light weight structure. ^ 

To meet with the above requirements (1) and (2) 
thougff might occur to use a two-layer structure in which a. ^ 
relatively soft foam material for protecting pedestrians y 
is provided front of a relatively hard foam material 1^. 
for preventing vehicle damage/. In this case^.h^ver^ 
the requirement (3) cannot be met. When the-%eS|6k of the 
soft foam material^^o:^ the front-to-rear direction xs 
reduced, collision with a pedestrian causes ^bottoming 
out" of the foam material and generates a large load to 
cause injury 2? the pedestrian. Moreover, with the above 
two-layer structure, it is difficult to maintain the 
performance of the soft foam material, because collision 
of the veMcle against a wall or another vehicle will 
,JXU^ the soft foam material'^a strain which is 
tyond' the maximum strain thereof so that the soft foam 
material cannot restore JM^:^^^^^-^^^^ 
when the bumper undergoes/^llisi^J^^'^^^ 
is necessary to the soft foam. 
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JP-A-Hll-208389 discloses a bumper for an automobile 
which includes a collision energy absorber disposed 
between a front part of a bumper beam and a bumper fascia. 
The energy absorber has a lower layer and an upper layer 
provided on the lower layer^ and composed of a row of a 
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that 'in case of collision ft|a¥«^ a leg^^^^ of 
pedestrian, the leg is advanced i^the space Derween 

10 /^djI^^two;blocksbv deflection deformation thereof xn / 
,^ri:Sitg^ecti4^ that ^^^'^nnrSSS^ reaction force 
is suppressed and the. 0011131.5.11 energy is absorbed|y only 
the lower layer^ -airT-Wrttt Jn^case of collision S^aSS«rt a 
wall or another automobile, both the upper and lower 
layers are compression deformed in^^Tront to rear 
direction. In practice, however, it is difficult with the 
above bumper structure to sati^y^ ^.^fl^S//^^'^^"^^^^^ 
(1), (2) and (3) at the same time, 'tomeiy/ (a) a 
pedestrian's leg is not always received in the space 
, between (ad jacerj^^ blocks, (b) therefore, the blocks 

laust be thTTtnd/or soft in order to be deformed laterally 
and to properly receive a pedestrian's leg therebetween, 
(c) the upper layer is apt to be. broken, and (d) the. 
^''¥^"if the energy absorber ai^ the f ront-t^-rear 
direction must be increased to prevent damag|^^ the 
vehicle so that a compact structure cannot be attained. 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a bumper ^^t«Tct«e which can solve the above problems of 

the conventional bumpers. 

It is another object of the present inventi on to 

provide a coiapact, light weight bmnper 

Las an energy absorbing foa. -^^^^ ' "''^^^ J^.f^fran 
pedestrians, particularly pedestrians' legs, and whxch can 
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effectively prevent vehicle damage^-b^^ collision. 

It is a further object of the present invention to 
provide a h:»aiaper s tru c t uro of the above-mentioned type, in 
which the'^dam material can withstand one or more 
collis^ifer^yith a wall or another vehicle. 

iVaccordance with the present invention, there is 
provided a bumper -stoLC kun, ujulul for attachment to^-^e 
front of a vehicle, con¥>rising an elongated, bumper beam 
having a front face provided with at least one rearwardly 
depressed portion extending lengthwise of said bumper beam, 
a compressable energy absorbing foam material extending 
lengthwise of said bumper beam, and a bumper fascia 
covering said foam material, said foam material having a 
first portion received^n said depressed portion and a 
second portion protrudi^forwardly from said front face of 
said bumper beam such that said second portion is 
compressed iAaid depressed portion upon receipt of a 
collision impact. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Other objects, features and advantages of the 
present invention will become apparent from the detailed 
description of the preferred embodiments of the invention 
which follows, when considered in the light of the 
25 accompanying drawings, in which: 

FIG. 1 is a perspective view schematically 
illustrating a bumper afcruoture- according to the present 
invention; 

FIG. 2 is a cross-sectional view taken on the line 

30 II-II in FIG. 1; 

FIG 3 is a sectional view similar to FIG. 2^ showing 
ti^State in which the bumper of FIG. 2 has collided with a 

wall; . 

FIGS. 4(a) through 4(c) are sectional views similar 
35 to FIG. 2 showing further embodiments of a bumper 
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Qtructurc according to the present invention; 

FIGS. 5(a) through 5(d) are sectional views similar 
to FIG. 2^ showing various further embodiments according to 
the present invention; 

FIG. 6 is a sectional view similar to FIG. 2^ showing 
a further embodiment of a bumper siumatnv i s. according to 
the present invention; 

FIG. 7 is a sectional view showing^ state in which 
the bumper of FIG. 6 has collided with a wall; 

FIG. 8 is a sectional view similar to FIG. 6 showing 
a further embodiment of a bumper utrnrturn according to 
the present invent iwi; 

FIG. 9 shows ^Relationship between the shape 
recovery of a polypropylene-based resin foam and the 
number of repetitioi^of compression thereof at various 
strains; 

FIG. 10(a) is a schematic front view of a bumper 
structure of the present invention subjected to a drop 
impact test; 

FIG. 10(b) is a side view of the bumper structure of 

FIG. 10(a); \- ^ ^« 

FIG. 11 is a graph showing relationship between 

the displacement of a flat impactor and the loac^ generated 

in the bumperWr rgr tr ti roc. of FIG. 10(a) and FIG. 12(a); 

FIG. 12(a) is a schematic front view of a known 
bumper structure subjected to a drop impact test;- 

FIG. 12(b) is a side view of the bumper structure of 

WTG 12 (a) " ^^A^ 

' FIG. 13 is a graph showing^ relationship between 

the displacement of a cylindrical impactor and the load 
generated in the bumpe/^t«a«U^ of FIG. 10(a) and FIG. 

12 (a) / 

FIG. 14 is a sectional view similar to FIG. 2 
showing a conventional bumper structure. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVgjTION 
-y^bumper j, U ULture n nc o riJiTig t o'^vlhe present 
invention is configured to be attached to.I|^|ont^ of a 
5 vehicle such as an automobile for reducing West nan s 

leg xa i^ ^ Ll uii 1 1 -.li Tn^-^ collisi^n;wl;iile preventing 

vehicle damage/ by collision with walW^etc. 

one preferred embodiment of the bumper structure 
according to the present invention is illustrated in FIGS. 
10 1 and 2. in which the reference numeral. 2 designates 

elongated bumper beam. The beam 2, when mounted ou^-ik^ 
front of a vehicle, extends laterally, namely xn the 
direction normal to the front-to-rear direction (running 
direction) of the vehicle. The bumper structure is 
15 generally curved from side-to-side of the vehicle and the 
bumper beam 2 is also curved. However, such a oirve 
structure is not essential and other conf igurat^xoiPj 
used for the purpose of the present invent ion. 

The bumper beam 2 is illustrated as a tubular beam. 
20 However, it should be understood that a wide -riety of 
shapes, configurations, materials and processes for the 
^manufacture of the bumper beam 2 are contemplated by the 

^ ■ Tor axamole, the beam 2 may be a soiia 

present invention. For example, u 

body rather than a hollow body. The cross-aection of ^ffl- 
26 hollow beam may be any desired shape, for example, square, 
rectangular paralleloplped or "-/pr^^ ^l^ 
conventionally Known bumper ^^f^l'^^^^^^^f^, jp. 
in Japanese Kokal Publication ifa^. JP A Hll 
1 2001-322517 may be suitably used for the purpose of the 
A-2001 J/^M 'my absorb the collision 

oresent invention, as long as rt can absoro 
HI .>,.™,„^ the strain ofcj^ireinafter describe* 



energy through the strain o,^_^ . »>,„t»ni*tM' 

energy absorbing foam material and can withstand^ 
c:u!sion energy to prevent -hlcle damage/, 

^y oonventionally used material such as a metal, ^ 
plastic or synthetic wood may be usea ro 
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bumper beam 2. 

The bumper beam 2 has a front face 21 jjfrovided with 
at least one rearwardly depressed portion • 22 ' extending 
lengthwise of the bumper beam 2. In the embodiment shown 
5 in FIGS. 1 and 2, only one depressed portion 22 is ^^^^ 
provided at an _ intermediate position between upper BsttT 23 
and lower |&*24 of the front face 21 to form a U-shaped / 
recess 4. 

Designated as 1 is a bumper fascia constituting a 
10 front surface of the bumper structure. A compressable 
energy absorbing foam material 3 is disposed between the 
fascia 1 and the beam 2. The foam material 3 extends 
lengthwise of the bumper beam 2 and has a first portion 3a 
received p.n the depress^ilpe«%ieft 22 and a second portion i/ 
5 protrudim forwardly from the front face 21 of the bumper i/^ 
beam 2. 

In the bumper structure constructed as described 
above, the second portion 5 of the foamed material 3 is 
compressed in the U-shaped recess 4Vupon 4?eee*pt-r^-er ^ 
collision ionpeet. Thus, the bumper structure of the 
present invention has a relatively small dimension in the 
front-to-rear direction, even when the, foam material 3 has / 
a relatively long f ront-to-rearKL«egtb sufficient to , 
protect^pedestrian' s legs e h tho oob.aji o a df Lu 1 1 ii 7ir i m *^ 
Therefore, the bumper structure can contribute to 
reduction of size and weight of the vehicle and yet can y 
avoid serious knee injury. Further, vehicle damage^ can 
be effectively prevented without adversely affecting 
freedom of vehicle design. 

As the compressable energy absorbing foam material 3., 
any synthetic resin foam having a suitable cushioning 
property may be used. The foam material preferably has a 
compression permanent set (according to JIS K6767-1976) of 
20 % or less, more preferably 18 % or less, still more 
preferably 15 % or less, most preferably at least 10 % or 
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less. Fo/^easons of excellent elasticity and suitable 
rigidity J polyolef in-based resin foam is preferably used 
as the synthetic resin foam. Examples of the polyolefin- 
based resin include polyethylene-based resins such as 
5 linear low density polyethylenes, crosslinked low density 
polyethylenes and ethylene-styrene copolymers, and 
polypropylene-based resins such as propylene homopolymers, 
copolymers of propylene and other olefins and copolymers 
of propylene and styrene.. Polypropylene-based resin foams 
LO are particularly preferred for reasons of excellent 

rigidity, heat resistance and chemical resistance. The 
foam material 3 may be suitably obtained by molding 
expanded resin beads in a mold. Expanded non-crosslinked 
polypropylene-based resin beads, whose surfaces have been y 
15 modified with an organic peroxide by method disclosed xn 

Japanese Kokai Publication No. JP-A-2000-167460, are y 
useful for obtaining^suitable foam material 3. If desired, 
the foam material 3 may be used in combination with any 
other suitable auxiliary cushioning material such as a 
20 rubber or a spring. Such an auxiliary cushioning material 
may be embedded in the foam material 3. 

Although not shown in the drawings, the bumper beam 
2 may be provided with two or more vertically spaced apart 
U-shaped recesses 4, if desired. In this case, the foam 
25 material 3 may be disposed in at least one of the U-s^ y 
recesses 4 with apportion (second portion 5) thereof 
forwardly protrud^ f rom the front face 21 of the beam 2 ^ 
Of course, the foam ^^^-i^^^mtZT ^ f, 

t: r f .ay be the same or different. Similarly, 
or more foam materials 3 are used, the — ^^^^^^^^ ^ 
configuratioxjT thereof may be the same or ^^^^ ^^^^^ 
in the eid^odiment shown in FIGS. 1 and 2, the 

on 9? is formed between the upper and lower 
35 depressed portion 22 is formea d 
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^i&^23 and 24 of the front face 2^1^.^^ A^ter^jat^, the 
depressed portion .22 may be formed >*f- at least one 
upper and lower ^^23 and 24 of the front face 21, as 
shown in FIGS. 5 (a) and 5(b), to form upper stepped 
5 portion 11a and/or lower stepped portion lib in the front 

, face 21. Similar^ to the eg>odi^^^^ in FIGS. 1 and 

^^^'f^^ ma't'Sli'C f ^fltei5?^lli?gtt?wif ^ of the bumper beam 
2' and has a first portion 3a received in the stepped 
portion lla (in the case of FIG. 5(b)) or in each of the 
10 stepped portions lla and lib (i^ the case of FIG 5(a)) y 
and a second portion 5 protrud^forwardly from the front 
face 21 of the bumpe^ beam 2. When two stepped portions ^ 
lla and Ub are 'iS^f the dimension"^ and configuration of 
thereof may be the same or different. 

beam 2 may be provide^V^ne or more stepped portions lla 
and/or lib. In this case, the foam material 3 may be 
disposed in at least one of the stepped portions lla and y 
lib with a portion (second portion 5) thereof ^ 
20 protrud^'forwardly from the front face 21 of the beam 2. 
a) pi.uui.uu a„ used, the dimensions 

Hhen two or more foam materials 3 are used, ^ 
and configuratlouT thereof may be the. same or different. 

in the bvunper structure constructed as described 
above, the second portion 5 of the foamed material 3 is ^ 
^ compressed iS^the U-shaped recess 4 or 1^ the stepped 
portion or portions lla and/or Ub upon °f J 

. . • .^1- Thus the bumper structure of the 
collision impact. Thus, tne uuu.y in i-he >/ 

present Invention has a x.latively small <i--"- ^ ^ 

Lont-to-rear dlrectlo/Jen "hej^t^- ma er a 3 ^ 




one of the 



xn other words, it is easy to design ^/^^'^"^^ 

according to the P-=-^ ---^^ Tcom at a glven^ 
compression load generated therein by ^^^^ ^^^^ 

36 impact energy is below the desire 
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yet the weight and size thereof are small. The term 
"desired upper limit load" as used herein is intended to 
refer to a compression J-oad below which a pedestrian's leg 
would not be seriously by the collision at no more 
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than the given impact energy. - 

io .ILlJuL u.yi^fltn^Ahe rearwardly depressed ^ 

portion 22 m^st^w^^Jltand the energy exerted by the 
compression of the foam material 3 caused by -feS^ collision. 

Further, the bumper structure of the present ^ 
invention can prevent vehicle damag/ upon collision with 
-a wall or another vehicle. FIG. 3 schematically^depicts a . 
state in which the bumper structure of FIG. 2 >^ collided ^ 
with a wall 24. The second portion 5 of the foam material 
3 (FIG 2) has been fully compressed ifJ^the U-shaped 
recess 4 ^^^'^thr'collision energy is then absorbed by / 
the beam 2 to protect the vehicle. In this case, since 
the foam material 3 has a sufficient length and does not 
bottom^ out, the bumper structure does not loose 
.its function to P-vent pedestrians from ^2^^"'°":'^ 
•aiig^. Namely, since^fe^'VoWng out the 
f^terial 3 can recover^" original shape without a 
substantial loss of its energy absorbing function. Thus, 
the bumper structure of the present invention can 
simultaneously attain the effects of (1) prevention of 
damage/^ the vehicle, (2). protection of pedestrians and 
(3^v~c^^i2t^fn|- light weight structure. Moreover, the 
oam material 3 is prevented from being further compressed 
beyond the state as shown in FIG. 3 and, therefore can 
, .estore to ^^^^^^^^^JZ. Namely. 

repeated colUsio^. the 
foam material 3 can serve to protect pedestrians 
It is, therefore, preferred that the bumper 
, structure have a design which prevents the foam material 3 
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from bottomihg-out. For example, sin^th|^ compression 
load of a foam material made from ^fo'^ed polypropylene 
beads molding abruptly increases when the strain exceeds 
about 60 to 70 %, the bottoming-out of the foam material 

5 may be prevented when ab^Ut^at least 30 to 40 % of the 
total "i^S^'^^LD^^of the foim material 3 is received in 
the rearwardly depressed portion 22. 

In FIG. 1 and FIGS. 5(a) and 5(b), the foam material 
3 is illustrated as a rectangular parallelepiped body. 

10 However, it should be understood that a wide variety of 
shapes and configurations of the foam material 3 are 
contemplated by the present invention. For example, the 
front end of the foam material 3 can be rounded to conform 
to the inside wall of the bumper fascia 1. One or more 

15 weight reducing portions such as recesses, holes -aadrOr^ 
grooves may be formed in any desired surface (such as 
front surface and upper or lower surfaces) of the JJjtejial 
3 or inside thereof. Further, the foam material 3 -may not ^ 
be closely fitted in the U-shaped recess 4 or stepped 

20 portion 11a or lib, although, from the standpoint of 

design efficiency, the foam material 3 is suitably closely 

fitted thereinto. 

The rigidity and the dimensions of the foam material 

3 are suitably determined s^ thgt i^^^^^^'""^^ ^ 
26 can protect a pedestrian A . ^ifS^nr i fT.r'inn nf o«. tto»«T 
without seriously injuring the pedestrian' s leg and (b) 
the foam material 3 can restore to J* original shape even 
^Tthe vehicle collides with another vehicle or a wall. • 
The rigidity of the foam material 3 depends "P^-^^V^ 
30 apparent density and the kind of res.n 

The vertical-te'of the foa^^^^ISi^' ' ^ ' 

not greater than the vertical 4^ of the depressed 
portion 22 and the lateral length of the foam material 
is generally not greater than the lateral length of the 
35 fascia 1. 
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As used herein, the term "vertical ifingth" of the 
foam material 3 and the depressed^ortion 22 is intended 
to refer to the length *^j^H*-mthe "^'^'^ ^ ^ ii' '^-^""- 

'^^^BS^F tte tem "lateral Ungtb" o^he foam 
^^^.r^ the fascia l''ir?h? length ^^W«*™g 
the lateral d5:^£SS,i6'i5a-to-side d««««»f of the 
vehicle to which the buioper structure has been mounted. 
Similarly, the term "tron.-to^rear °^ 
I material 3 is the length ^ it i at afong Ehe front to rear 
direction (running direction) of the vehicle to which the 
bumper structure has been mounted. 

The vertical length of the depressed portion 22 of 
the beam 2 (when the beam 2 has two or more depressed 
i portions 22, a total length of the vertical lengths of the 
depressed portions 22, is ge^prall^-^S^o to 80 %, preferably 
40 to 70 %, of the vertical MB^th- of the beam 2. 

There Is a demand for a bumper core which can a^orb 
energy of collision between^ pedestrian and J*^ «^ 
0 automobile traveling at a relatively high speed of, for 
example, 40 km/hour, so that serious Icnee xnjury 
avoided, in this respect, the design of the foam material 
3 plays an important role, though the energy to be 
absorbed by the foam material 3 varies dep ending up on ^.^/ 
.6 kS^'of W<e vehicle which the bumper s«*««re is 
Sed. Since the collision energy is also ab-rbed^y 

other parts of the bumper -^-^'"il^TO/ f^^^^,^/' 
beam 2 and a front skirt with whic^pedestriajjfly ankles. 

— - rrprevrtsre"for:rriai . 

30 preferably has a -"^^''-^ ^^J^^^^ , material 

rd:X°ia:<i™-e beads — 
e.ample«-Sompression load L 

3. r iriirmfyte IIZ:^^ at least 30 to 
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40 % of the total ^ength 4Llt of the foam material 3 is 
received in the reajrwardly (^pressed portion 22. In this 
case, the full-iS^ of the -pr^to^ second portion 5 ^f^'T^^^^^ 
(length! L2) can be utilized for absorbing the collision 
5 energy without bottoming out thereof, namely, without 

generating a high load. y 

It is preferred that the bumper structure not ^ 
only protect pedestrians but also permit the foam material 
3 to be reusable even after OT=sr repeated collision5with K 
10 walls or other vehicles. This can be achieved by selecting 
a ratio L2/L1 so as to permit,^ elastic recovery of the 
foam material 3 while selecting the length L2 of the 
second portion 5 of the foam material 3 such that th^e^load 
generated therein by collision at a grgen impact is 
15 below the desired upper limitj£ad. {otj j^s^ a o on^ 
satisfactoife^l bottoming-o i^reverv^, /satisfactory 
protection of pedestriar^and satisfactory reusability of 
the foam material 3 v^H.te-^rtpp^es«*»f=-^fe^^ 
it is preferred that the ratio of the i^aftfefe L2 of the 
20 second portion 5 to the LI of the foam material 3 

(L2/L1) be in the range of 0.4 to 0.9, more preferably 0.5 
to 0.8, most preferably 0.5 to 0.7. Further, it is 
preferred that LI be in the range- of 40 to 150 mm, more 
preferably 50 to 130 nan, most ^--^^^jAf^^^^"^' 
The foam material .3 is. prgferably teea£e ^oueh t fTal 
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rear end t^^i^-e^^ abutt^against the bottom of the 
depressed portion 22. 

various mcditlcatlons may be made to the buioper beam 
2 and foam material 3. Examples of some modifications are 
Shown in FIGS. 4(a) to 4(c), in which the same reference 
numerals as those in FIGS. 1 and 2 designate 
componen/.p«^. In the ei^odiments shown xn FIG. 4(a) 
4 ,c', upper and lower^'^f the front ^-^iM f^l, 
beam 2 are not coplanar. ^^^i^-^--- " ° 

the foam material 3 is the iS|¥&'f rom the foremost end to 
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the rearmost end of the foam material 3 dieftg the fjo^t- 
to-rear direction, and thp.^^^gp L2 of the protru^^ 
second portion .5 is the length between the foremost 
portion of the front face 21 and the foremost end of the 
5 foam material 3 (the i^i^Et of the potion hatched with 
double lines in FIGS,. 4(a) to 4(c))..aisW the front-to- 
rear direction. L3 represents the depth of the depressed 
portion 22 (recess 4 or-, stepped portion 11a or lib) and is 
the ^^l&'^bltween the bottommost portion of the depressed 
LO portion and the foremost portion of the front face 21 
along> the front- to-rear direction. 

j^^^^lfeel'pref erred embodiment of the present 
invention is illustrated in FIGS. 6 and 7, in which the 
same reference numerals as those in FIGS. 1 and 2 
15 designate similar ^mp^t^%ria . In this embodiment, an 
energy absorbing body 6 is provided at a front end of the 
second portion 5 of the foam material 3. The energy 
absorbing body 6 has a vertical length greater than the 
vertical length of the depressed portion 22 so that, as 
20 shown in FIG. 7, when the bumper st*w=Lure- is collid^ 
with a wall 24 x)r another vehicle, the energy absorbing 
body 6 >SS cl?itact with the front face 21 to absorb part 
of the collision energy. Therefore, it is possible to 
reduce the rigidity and other mechanical strengths of the 
25 bumper beam 2 , '^T^Q^fnr^r W JbmfT n mi O j udirnQPt 

...g^a^fe^^btri:^ L olk ian ^ y^ o^ the weight of the bumper. 

In the afee^ embodiment^, it is preferred that the 
energy absorbing body 6 be brought into contact with the 
bumper beam 2 only after the foam material- 3 has been 
fully compressed into U-shaped recess 4 and has assumed 
the position as shown in FIG. 7. When the energy 
absorbing body 6 is made of a material which is harder 
than the foam material 3 and when the energy ^^^^^^^^ .^^ 
body 6 has such a configuration or shape as to fee cam 
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contact^ with the beam 2 before the foam material has 
been fully compressed into the recess 4, a compression 
load Which is greater than the desired upper Ixmxt load / 
xaav be generated in the energy absorbing body 6 so that y 
pedestrian will not be protected. — ^ 
^ FIG. 5(c) depicts an embodiment in which the above- 
described energy^ absorbing body is applied^ ^""ZTJ^^ 
^s^^^e^^^r^^i^ a depressed portipn 22 ^^^^f^f^^^ 
each of upper and lower 23 and 24 of a front ace 21 

to form upper and lower stepped portions 11a and lib. The 
energy absorbing body is desi^n^tji as 12 and is an 
energy a. ^__.x,^--R^^,,rJi^^^^^^dS=3^-uPPe^ and 

lower foam Wtogi n l n - recexvcLi 

na and Ub.*™-*- The function and features of the 
energy absorbing body 12 are the same as those of the 
energy absorbing body 6 of FIG. 6 and are not repeated 

The energy absorbing body 6 or 12 may be made of any 
desired material for example, ^ ^V-^^^^^ 

resin foam body, a non-foamed synthetic ^ 

26 be suitably determined match >3*0 ^^^^^ body 

space within the bumper structure A resilient to 
!im!!ar to the foam material 3 particularly 
■ " the energy absorbing body 6 or 12 for 
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.nit^iv^^ as the energy absorbing body 6 or 12 for 
suit^ly ua^ recovery characteristics. Such a 

ror::d:V"ta^^^^^ from . foamed molding of 

expanded resin beads. desirably 
The energy absorbing body 6 or i^ 

^ Tni-paration may be by -ttsi^^ 

the bumper structure. Integratio 
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adhesive/ by fuse-bonding or by ^^tg- any suitable 
connecting means. Alternativelyyenergy absorbing body 6 . 
or kj'^en made of a -resin foam^i^y be molded together y^y 
.Jz7- ««i-or-i«l 3 in4o a 'Single foamed molding. As 



wxT-xi^uue foam material 3 intip a -single foamed molding. As 
, long as the energy absorbing body 6 or 12 is maintained m 
a fixed position inside the fascia 1, such an integrated 

structure is not essential. 

The energy absorbing body 6 or 12 made of a resm 
foam preferably has a greater apparent density (preferably 
10 0.64 to 0.225 g/cm^) than that of the foam material 3 In 
this case, the collision energy which remains unabsorbed 
by the foam material 3 is absorbed by the energy absorbing ^ 
body 6 or 12, so that the beam 2 receives a reduced ^^rc. ^ 
collision However, the apparent density of the 

15 energy absorbing body 6 or 12 made of a resin foam may be 
in the range of 0.026 to 0.064 g/cm when further 
protection of pedestrians is intended. 

The energy absorbing body 6 or 12 need not be a 
uniform material but may be a composite material. For 
example, as shown in FIG. 8, the energy ^^-/^^^ 
.ay be composed of a center region 7 made of a resin foam 
(lich may be made of the same foam and ^-e t.e same 
apparent density as ti^^^rf the foam material 3) and 
7Zr and lower regions 8 connected to the center region 7 
and made of a different material such as a resm foam 
:rvi:g a higher apparent density than that of th. ce-r 
region 7. The energy absorbing body 6 composed of the 
TeLer, upper and lower regions 7 and 8 may ^^^^^^^ 



20 



25 



30 



35 



center, upp^s. ^..^ . ^rfhesive by fuse-bonding / 

bonding these regions using an adhesive, ^^^^ ^^r^ 

or by using any suitable connecti^ "^T/^^a "sin foJ^^-<^ 
energy absorbing body 6 (or l^ ' "s W 

^ 1 ..lu l d ForW^ple, expanded beads \^ 

n.ay be molded ^^'^^^^'^J^ iif'^respective 
having different densities ^ fiHed ; .^^ p^^te 

Chambers of a mold cavity partitioned by - P^^^^^^^ ^ ^ 
(in the form of a straight plate, a corrugated plate 
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comb-like plate) . After the removal of the partition 
plate, the mold is closed and heated to produce a 
composite molding. 

FIGS. 5(a), 5(b) and 5(dV show further embodiments ^ 
of the present invention^4e4^*'al'^^ergy absorbing body 13 
which is similar to the energy absorbing body 6 or 12. 
The energy absorbing body 13 is provided on a portion of 
the front face 21 other- than the depressed portion 22 and ^ 
a5Er3ffiS=fco- functio/ in the. same manner as the energy 
absorbing body 6 or 12. Preferably, the energy absorbing 
body 13 is fixed to the surface of the front face 21 by, 
for example, using an adhesive. When the thickness of the 
energy absorbing body 13 along the front to rear direction 
is represented, by L4, the ratio (L2-L4)/Ll is preferably 
in the range of 0.4 to 0.9, more preferably 0.5 to 0.8, 
most preferably 0.5 to 0.7 (LI and L2 are as defined 
above) . Further, it is preferred that the length LI be in 
the range of 40 to 150 mm, more preferably 50 to 130 mm, 
most preferably 60 to 120 mm. It is also preferred that 
the thickness L4 be in the range of 10 to 70 M., more 
.preferably 15 to 50 iraa. The foam material 3 is preferably 
located such that the rear end thereof is abutted against 
the bottom of the depressed portion 22. 

AS used herein the term "apparent density" of the 
foam material 3 and the energy absorbing bodies 6, 12 and 
13 made of a resin foam is defined by the formula Dl = 

Jtlerein Dl represents the apparent density thereof. 



Wllreplsents the weight thereof and VI represents the 
volisf thereof . The vol«e VI is measured by an .^aers.on 
method in which the specimen is immersed an v ^Jbt 
Intained in a .raduaticn cylinder. From the 
I t'^.'J^ ' 'thJ'voXume VI can be determined. 
^^Hescribed previously, polyolefin-based resin foam 
is preferably used as the compressable energy absorbing 
r: ria 3. The term -polyolefin-based res.n foam 
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is intended to refer to a foam made of a base resin 
containing a polyolef in-based resin in an amount of at 
least 60 % by weight, preferably 80 to 100 % by weight. 
Examples of the polyolef in-based resin include 
polyethylene-based resins such as high density 
polyethylenes, low density polyethylenes, linear low 
density polyethylenes, and polypropylene-based resins such 
as described below. The polyolefin-based resin may 
contain no more than 50 % by weight, preferably no more 
than 40 % by weight, more preferably no more than 20 % by 
weight, of one or more comonomers other than olefinic 
monomers such as styrene. 

Among polyolefin-based resin foams, foams obtained 
from polypropylene-based resins, especially foamsoWpa^ned 
15 by molding polypropyljpe-based resin beads 1^ - iul'^' 
particularly pref erSSf^se/ as the foam material 
reasons of excellent rigidity, heat resistance, chemical 
resistance and east^ in molding into desired shapes. A 
foam obtained ffom polypropylene-based resin beads has^-^ 
additional^^?S^that iM cross-sectional area ^tesse^- 
scarcely increases when the foam is compressed. Thus, the 
foam material 3 when made of such a polypropylene-based 
resin foam can be suitably compressed into the U-shaped 
recess 4 or stepped portion 11a or lib a t;^ time of £ 

25 collision. . . i ^« 

Examples of the polypropylene-based resm include 
propylene homopol^ers, copolymers of propylene and 
Ityrene and copolymers of propylene and other olefins such 
as propylene-butene block copolymers, propyl ene-butene 
random copolymers, ethylene-propylene bjock copolymers 
ethylene-propylene random copolymer s, Vethylene-propylene- 
butene random copolymers. Propylene homopolymers are 

^ riiS.^r.rti oince a foam produced from 
particularly prefer abllF use <^> since a roa 

expanded propylene homopolymer beads has excellent 
collision energy absorbing efficiency. 
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A foam obtained by molding ^ polypropylene-based 
resin beads ^.-^-jrcH^ (hereinafter referred to simply as 
PP molding) -O^tM used as the foam material ^ ^ 
preferably has an apparent density of 0.11 to 0.025 g/cm , 
more preferably 0.09 to 0.04 g/cm^ for reasons of 
excellent compression chJiracteristics, namely satisfactory 
protection of pedestrians, while reducing the weight and 
size of the bumper structure. It is not necessary that 
the foam material 3 should have a uniform apparent densxty 
throughout its whole body. Ratl^r the ^^s^ ^^^^^^^^ ^ 
nay be composed of two or more ^ havxng dxff erent 
"parent densities. In such a case, the aPPa-nt^sxty 
of the foam material 3 is obtainable by dxvxdxng ^ total 
ht thcroof by whole volume -tfee^errf . 

FIG. 9 shows> relationship between the shape 
recovery of a PP molding and the number of -P^^^^^^f^J ^ 
^ compression u po.-.t ir> ^ at various compressxon straxns. 
rcu^i: body (80mm . BOn. . BOmm) of a PP molding havxng 

•t- , r^f n 082 a/cm^ is placed between a ^ 

speed Of 50 ----.;/;;;;;;tr»ovedbac. ^ 

percentage ha§ rf a^ed, the pressxng plates are mo 
at a speed of 50 mm/minute. 30 minutes after the release 
at a speed or thickness (D) of the compressed cube 

of the pressure, the thxckness iu; ^.-.^^lated 
body. is measured. The shape recovery xs calculated 

according to the following formula: 

qhaoe recovery {%) = D/BO x 100. 

Similar Xpressicn and measurement of the thiOcness .s 

Similar conp results are shown in FIG. 

repeated 4 times in total The res^ ^ 

9 in which the curves a to d (.oppressed by 

strain (compressed b-y 16 mm) , 50 % strain I P . 
40 mm, . 10 % strain (compressed by. 56 ^, and ^0 

(compressed by 12 ™, , ^l. recovery Is y 

.,0. 9 indicate that more than 80 » ^^^^^^^^ 
, obtainable even when subjected to 4 co..«> ^ 
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as long as the strain is 70 % or less, (r5 

In the bumper s ^ i ucLuj- l. u LLUidinrr t n the pres^ent , y 
invention, since the compression strain i i iuj be! c ontrbllocf - / 
by ^ivVLot^it^ 1.2/1.1 ratio (or (L2-L4)/L1 ratio), it is i^y 
5 easy to desig^uitable bumpe^^ structure capable of 

protecting pedestrians yaiit^ iff Ti V i /nl-inT increas^^^ the 

front-to-rear length thereof. 4<^<.r';h^'^ ^ 

Although the foregoing embodiments are - 6onc e jg e< ^ 
bumper structures suitable for attachment to';^^^^^^^ 
10 of a vehicle, j.L iu ><ifch^m jujiiry-fehot the bumper 
.^jtvuGtui"^ of the present invention is not limited to such 

applications. The bumper ^*«e*«r^may be used for y 
protecting any required p<Aions (such as thighs and hips) 
of^^edestrian's body^ while preventing damag^^^'^he 

15 vehicle body. 

The following examples will further illustrate the 

present invention. 
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Exaittple 1 

A synthetic wood body as shown in FIGS. 10(a) and 
10(b) was used as a bumper beam 2. The beam 2 had a 
height T (d^^ vertical direction) of 120 mm, a length 
D (a ikH lateral direction) of 300 mm and a width HI 
(i^n^l- front to rear direction) of 80 itoa and had a front y 
face provided with a U-shaped recess extending UhrnougHouIr- 
the length of the beam and^aving a height tl of 40 Eoa and y 
a depth L3 of 40 mm. As ^energy absorbing foam ^^terial 
3 a rectangular parallelepiped foamed molding of expanded 
polypropylene-based resin beads (expanded beads of a 
propylene-ethylene random copolymer having, a tensile 
Ldulus of 1,120 MPa) .having an apparent density of 0.082 
. 3 tl (gA^ vertical direction) of 40 mm, 

front to rear direction, of BO ^ was 



35 used. 
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The energy absorbing foam material 3 was fitted into 
the U-shaped recess of the beam 2 as shown inJiG. 10 so 
that the foam material had a nprtion protrude* from the 
front face of the beam 2 havldg a length L2 of 40 mm. The 
5 front surface of the foam material 3 was covered with a 
bumper fascia 30 made of a synthetic resin and having a 
thickness of 3 mm to form a bumper. 

The bumper was subjected to a drop impact test using 
a drop impact dynamic tester. Thus, the bumper was placed 
10 on a stand 50 of an impact dynamic tester with the outer 
surface of the fascia 30 facing upward and buiny LLpt 
horizontal. A steel impactor (weight: 16 kg, size: 40 cm 
length x 40 cm width - 3 cm thickness) having a flat lower 
surface and positioned^ ab^ve the fascia 30 - at a di o te e«c^ 
15 e^^^d-eH.--*rt:ntr-tt^^ was allowed to free fall onh 

the fascia 30 sn J^^ tidi lo^er surface u l Ui l imrnn t n r v n F ^- 
kept horizontal.,:,Si*6fe ^ L Lhu flat: lo^^ erc ourf n rn of fe ber 
^^^4— collid^ with the flat outer surface of the 
fascia 30. In this case, the impact energy was about 162 
20 J '^relationship between the displacement of the 

impactor and the load generated in the bumper ^ti-uoturo- 
was measured to give the results shown in FIG. l^^^ curve 
"a". As will be appreciated from FIG. 11, the maximum 
displacement was about 33 mm and the maximum load 
25 generated was about 7 kN. 

Comparative Example 1 

A synthetic wood body as shown in FIGS. 
12(b) was used as a bumper beam. The ^^^^^i^^f ^^^^^ 
.^^^.^.^..^....^ic^l ^irnrf4e^ of 120 mm, a^^length D 4*iong- 

of 300 mm and a width H2 

^. , ^: on mm i\f-^nTi energy absorbing 
front to rear direotioi^ ) of 80 mm. -As-en energy 

a^J»^ ^r,-m,^.«r .M-ra-l-te-rSSiped foamed molding . 
foam mater^J^MectanguiaE^-paraiieiopxp 

of expand4WyP-py]-ne_^^ 

beads of T^T^^l^^^^y-^ne random copolymeiilhaving a 
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tensile modulus of 1,1,20 MPaj an apparent density 

of 0.082 g/cm\ a^hefght t2 J^i< ^ a u e i. tioal ^ d ix^cJ^ 
of 80 itaa, Men^'gth d ^ xy a laL L. ra -1 dliu ^b r on f of 150 mm 
and a width LI (^.J-^ front to rear d irect j^i.) of 40 mm, 
_ Lj _ ia u nrri The front surface of the foam material was 
covered with a bumper fascia 30 made of a synthetic resin 
and having a thickness of 3 mm to form a bumper. 

The bumper was subjected to a drop impact test using 
a drop impact dynamic tester in the same manner as that of 
Example 1 .-^relationship between the displacement of the 
impactor and the load generated in the bumper structure 
was measured to give the results shown by the curve "b m 
FIG 11. AS. will be appreciated from FIG. 11, the maximum 
displacement was about 17 mm and the maximum load 
generated was about 16 kN which was much higher than that 
of the bumper structure of Example 1. 



A synthetic wood body as shown in FIGS. 10<«' ^"f^ 
lO lb) was used as a bumper beam 2. The beam 2 had a ./er/ 
nelght T ^alou^- ^it ' ^^ ai.. . t i^ of 120 ^'I^f 

„l,n, - front to rear ^««***«) ot 80 

ttn^vlded with a U-shaped recess extending «-uu«hout 
^ftSSth of the beam a»J^«^ a height tl of 35 m. and 
a depth L3 of 50 n». *^ energy absorbing foam.materral 
Ll-Ffectangular parailelopiped foamed molding of expanded 

I ,irr- - .-7.n.i..We-4«^>»«»ed-beads of a 
p'ropylew-ethylene random copolymer having a tensile 

width LI front to rear 

The energy absorbing foam material 3 was fitted into 
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the U-shaped recess of the J^eain^2 a^^shovm in FIG. 10 so 
that- LkL fuum mi-itrn-i -i1 hntf a^portionVprdtruded from the 
front face of the beam 2^ hiuula>^ ii Irngl-h u'J^ ^ '^ "B *- The 
front surface of the foam material 3 was covered with a 
5 bumper f ascia^S^^fT^de of a synthetic resin and having a 
thickness of ^S^vm^^P ^ bumper. 

The bumpfr'yis subjected to a drop impact test using 
a drop impact d^lmic tester. Thus, the bumper was placed 
on a stand 50 of an inipact^yr^ic^ster with the outer 
10 surface of the fascia 30Vfacing upwar(^ ^nd bQin »- kop ^? 

- h o ilAUuLal. A cylindrical steel ii^a^t or ^ (weisht^ ^^-^j!! 
outer diameter: 70 mm)' positionedV above the fascia 30^*-* 

^JiuLuU Li ui n b I r 1 11! rn-irin allowed to free 

fall oiPthe fascia 30. s«^h-^?tTat the axis of the 
15 cylindrical impactor ^oriented normal to the lengthwise 
direction of the bumper beam 2. In this case, the impact 
energy was about 150 J. _^*5:elationship between the 
displacement of the impactor and the load generated in the 
bumper structure was measured to give the results shown xn 
20 FIG 13^^curve 1. As will be appreciated from FIG. 13, 
the maJ^mum displacement was about 45 mm and the maximum 
load generated was about 3.5 kN. 
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Comparative Example 2 , . , , ^ 

A synthetic wood body as shown In FIGS, l^f.^^^^ 
12(b) was used as a bui^er beam. The beam^had^a'hei^tT 
■Mluu« g vortic.l nirnrf.i^ of 120 im, a^length D -(SSSSg- 
^^^^^.^.^^^rttmrr of 300 - and a_^dth H2 

reiHir^***.) of 80 mm. «U energy absorbing 
foam materia>/f rectangular p arallele piped ^'^^"^ 
of expanded ^lyp.3P I,4 o« - ^a.yU I L. ln L> nrt^pa«^ 
beads of a propylene-ethylene random -P^^^" 
tensile modulus ^ -tK^lT:^^^^ 
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and 'a width LI (a^pJTtg/^ front to rear «fi}pe€fer«ca.) of 50 mm^ 
jQp- ujod^ The front surface of the foam material was 
covered with a bumper fascia 30 made of a synthetic resin 
and having a thickness of 3 mm to form a bumper. 
5 The bumper was subjected to a drop impact test using 

a drop impact dynamic tester in the same manner as that of 
Example relationship between the displacement of the 

impactor and the load generated in the bumper structure 
was measured to give the results shown by-jjaw. curve 2 in 
10 FIG. 13. As will be appreciated from FIG. 13, the maximum 
displacement was about 42 mm and the maximum load 
generated was about 5.3 kN. 

In the impact tests in Example 2 and Comparative 
Example 2, the outer diameter of the cylindrical impactor 
15 of 70 mm ^J^selected to represent^^ approximate diameter 
of an adult leg. In order to protect a pedestrian's leg, 
it is necessary for a bumper to suf f icient^ ^^b^orb impact 
energy while suppressing leg impact Jo^^^a'r serious 

III I ||||-^.r^ TTnriTS^' the above test^e©ftdi%*©»a, the 



^''^''''^'"^^^^^r^lir^^-be 3.5 kN or less. The 



20 load generated ^is desir 
bumper structure of Exa 
collision energy and can 



bumper structure of ^xamp]^ 2 can f ully ^^^^^^^^ 



, J ^ Lo'lb^ the desired range. In the case of Comparative Example 2, 
"^^'^"J the load generated exceeds 3.5 kN when the displacement is 
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greater than 30 mm because the foam material has been 
compressed Mi^ a strain of 70 % or more (bottoming-out) , 
though the bumper structure can f yUy^abs^rb the collision 
energy. In order to reduce the^nerated load) in the case 
of comparative Example 2, it'^^e'Sessary to. increase the 
length LI of the foam material. 
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ABSTRACT OF THE DISCLOSORE 

^ ^^p^r ^. u . tur o n r ^ for attachment to-j^'front 
of a vehtTe, includg^ an elongated b™*er beam havxng a 
f ont face p;o.ided with at least one .earwa.dly depressed 
portion extending lengthwise of the bumper beam, a 
compr sable energy absorbing foam material extendrng , _ 

lengthwise of the bumper beam, """f " f ff irst 

covering the foam material. ThIPmaterral ^as a f-st 

portion ^-^^^^jz'::::^^^ :rthe ^ 

the depressed portion upon receipt of a collxs 
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